Na+-independent hepatic transport of branched-chain amino acids occurs via at least two distinct transport processes. System L1, characterized by micromolar Km values, predominates in hepatoma and fetal hepatocytes, whereas System L2, distinguished by Km values in the millimolar range and sensitivity to inhibition by N-ethylmaleimide (NEM), predominates in adult hepatocytes. To determine the plasma-membrane domain localization and ontogeny of System L activity in the rat, we prepared membrane vesicles from the livers of suckling (10 days old) and adult rats enriched for either basolateral (BLMV) or canalicular (CMV) domains. The initial rate of [3H]leucine uptake into BLMV and CMV derived from adult liver was significantly inhibited by the addition of 5 mM NEM; transport into BLMV and CMV derived from 10-day-old rat liver was not affected.
INTRODUCTION
The newborn grows at a pace unmatched throughout later life, generally doubling its birth weight by 5 months of age. Amino acids serve as substrates for the production of proteins and as precursors of important metabolites such as glucose and neurotransmitters [1] . The liver, as a central site of amino acid metabolism, plays a critical role during periods of rapid growth. Transport of amino acids into the hepatocyte from the portal circulation can be the rate-limiting step in amino acid metabolism [2] . Additionally, excretion of amino acids across the hepatocyte canalicular membrane into the biliary lumen is thought to be important in the generation of bile flow [3] , particularly during the neonatal period, when rates of both bile flow and bile acid excretion are diminished as compared with the adult [4, 5] .
Amino acid transport System L is responsible for the Na+-independent transport of neutral amino acids, particularly those with bulky branched side chains [6] . This activity, associated with Na+-independent transport of most of the 'essential amino acids', appears to be ubiquitous in its distribution. Transport activity identified with System L has been noted in freshly isolated hepatocytes [7] , but studies in monolayers ofcultured hepatocytes suggested the presence of two components of System L transport, Li and L2 [8] [9] [10] . System L2 is a low-affinity system (Km values in the millimolar range), whereas L1 is a high-affinity system (Km values in the micromolar range). System L2 predominates in freshly isolated adult hepatocytes, accounting for approx. 90 of leucine uptake. Conversely, those studies demonstrated that System L1 predominates in hepatocytes from fetal and suckling rats as well as in transformed cells [9] . System L2 activity declines and System L1 becomes increasingly prominent in adult-rat NEM-inhibitable Na+-independent leucine transport activity consistent with System L2 is present in both BLMV and CMV derived from adult rat liver, whereas System L1 predominates in 10-day-old rat liver tissue.
hepatocytes maintained in cell culture for 24 h or l'onger [10] . These data imply differential, although as yet unexplored, functions for Systems L1 and L2 in rapidly dividing versus quiescent cells, and suggest an enhanced role for System L1 in fetal/neonatal life. However, the distribution of Systems L1 and L2 between the basolateral and canalicular membranes of the hepatocyte has not been previously explored. Precedent clearly exists for sub-domain localization of amino acid transport systems [11, 12] . It [14]. CMV were prepared by a modification of the method of Inoue et al. [15] , as previously described by Novak et al. [16] .
Membrane samples were rapidly frozen and stored in liquid N2 until used. Protein concentrations were determined by the method of Lowry et al. [17] , with BSA as standard. The membrane preparations utilized have previously been characterized in this laboratory, as well as by others, and found to be enriched in the appropriate membrane fraction with minimal contamination [13] [14] [15] [16] 18] . Both preparations have comparable marker enzyme profiles and volumes in the age groups studied [14, 16] . They are therefore well suited for these developmental studies.
Transport assays
The uptake of [3H]leucine (New England Nuclear, Boston, MA, U.S.A.) was determined as previously described [16] . 
Data analysis
Kinetic analysis was performed by using computer-assisted leastsquares fit of data points to rectangular hyperbolas [19] . Diffusion constants were directly estimated in adult-rat membrane preparations as the difference between the uptake of 10 mM leucine in the presence and absence of 10 mM NEM. [14, 16] . In all cases, uptake of 0.12 ,uM [3H]leucine was markedly inhibited by addition of 10 mM leucine, demonstrating the saturable nature of the transport (Figure 1 ). Table 1 illustrates the inhibition by 5 mM NEM of 10 mM leucine uptake in adult BLMV and CMV, but not in vesicles derived from 10-day-old animals. NEM, a thiol reagent which is able to penetrate cell membranes and, via reaction with exposed cysteine residues, to inhibit a variety of cell-membrane activities, has previously been shown to inhibit System L2 without non-specific effects on hepatocyte membrane permeability [20] . Figure 2 details the kinetic analysis of leucine uptake by BLMV and CMV from both adult and 10-day-old animals. In accordance with the NEMinhibition data, kinetic constants obtained in membrane vesicles derived from adult animals were consistent with those associated with System L2 activity, whereas those obtained with vesicles from 10-day-old animals were similar to previously reported values for System L1. Thus a System L-mediated amino acid transport activity appears to be present on both hepatocyte membrane surfaces at both stages of development. Consistent with earlier studies [9] , System L1 activity is the primary mode of transport in younger animals, whereas its contribution declines with age and the expression of System L2 activity is increased such that it represents the primary transporter in the adult tissue.
DISCUSSION
Na+-independent leucine uptake into the hepatocyte has been shown to occur via two transport systems, L1 and L2 [8] [9] [10] . The present study uses isolated membrane vesicles to extend previous observations which were made with isolated rat hepatocytes. The low-affinity Na+-independent amino acid transport System L2 appears to play a predominant role in adult liver, whereas the higher-affinity but lower-capacity System L1 predominates in the livers and suckling rats. Although previous work [10] suggested the presence of System L1 activity in cultured hepatocytes derived from adult rats, we were unable to detect System L1 in this age group, despite determination of leucine uptake at multiple concentrations within the expected range of this system (0.5-100 uM). The presence of System L1 in the previous work may have reflected the influence of cell culture, because it was demonstrated that the expression of System L1 is low in freshly isolated hepatocytes, comparable with that in isolated vesicles, and then increases with time in culture [9, 10] . We also have demonstrated, for the first time, the domain localization of System L transport in the hepatocyte plasma membrane. As estimated from apparent rate constants (V1ax./ Km), transport rates mediated by System L are highest across the canalicular membrane for both age groups, despite the fact that System L1 is mediating this transport in the younger animals and System L2 activity is responsible for the transport in the adult. The difference between the rates in the basolateral and canalicular domains was [21] . Proton gradients are thought to stimulate System-L-mediated transport [22] . Leucine efflux from the hepatocyte via System L may therefore be stimulated by the lower pH of the hepatocyte cytoplasm as compared with the interior of the bile canaliculus [23] . The excretion of amino acids into bile may have a choleretic effect [3] ; the presence of an efficient amino acid transport mechanism in the neonatal-rat canalicular membrane might help to counteract the diminished rates of bile acid secretion noted in this age group [4, 5] .
Fetal-and neonatal-rat hepatocyte basolateral membranes are exposed to relatively high portal venous amino acid concentrations as compared with those found in the adult [24] . Leucine flux into the adult liver from the portal-venous system is negligible [25] . The lower Vmax/Km value noted on the neonatal-rat basolateral-membrane surface may serve to limit the influx of leucine into the developing liver, and thus maintain hepatic leucine concentrations similar to or lower than those noted in the adult liver [26, 27] in the face of significantly higher serum leucine concentrations [24, 27] . Limitation of the influx of System L substrates, many of which are essential amino acids, into the liver might then increase their availability to developing extrahepatic tissues [28] [29] [30] .
Collectively, the results in the present paper demonstrate that the relative rate of System-L-mediated transport across the hepatocyte basolateral and canalicular membranes is not a function of differential expression of Systems L1 and L2between these surfaces. In fact, despite a developmentally regulated shift in predominance from System L1 to System L2, total leucine transport across the canalicular membrane domain remains more rapid than that across the basolateral surface.
